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Currently, more and more attention is focusing on the impact of anthropogenic sound sources on  
marine life, particularly marine mammals. Indeed, several unusual cetacean strandings linked to the 
use of high-power sonar have been observed over the past years. Hydrography and seafloor-mapping 
make extensive use of acoustic sources; this paper aims to present the order of magnitude of sound 
radiated by such echosounders, and hence estimate their potential impact on marine mammals. The 
paper begins with a presentation of the main issues related to sound-mediated risks to marine life 
and a reminder of echosounder characteristics and geometry. Next, the numerical results from         
several case studies are compared with currently accepted threshold values for marine mammal 
sound exposure. This comparison makes clear that, while echosounders may transmit at high sound 
pressure levels, the very short duration of their pulses and their high spatial selectivity make them 
unlikely to cause damage to marine mammal auditory systems, according to current knowledge. 
There remains a possibility that echosounders may affect marine mammal behaviour at ranges on the 
order of kilometres; however, the likelihood and biological effects of such behavioural responses to 
sound remain poorly understood at present. 
De plus en plus d‘attention est portée aujourd'hui à l‘impact du bruit d‘origine humaine sur la vie 
marine, et spécialement les mammifères marins. Un certain nombre d‘échouements accidentels de 
cétacés ont été, au cours des dernières années, reliés à l‘utilisation de sonars de forte puissance. 
L‘hydrographie et la cartographie des fonds marins font un large usage d‘émetteurs acoustiques ; cet 
article vise à présenter les ordres de grandeur des sons émis par ces sondeurs, et à estimer leur           
impact potentiel sur les mammifères marins. On présente d‘abord les grandes lignes décrivant les 
risques acoustiques pour la vie marine, et on rappelle les caractéristiques et la géométrie des              
sondeurs. Les résultats numériques pour plusieurs cas typiques sont ensuite comparés aux valeurs 
acceptées couramment pour les seuils d‘exposition sonore des mammifères marins. Cette comparai-
son fait apparaître que, bien que certains sondeurs puissent émettre des signaux de forte intensité, la 
brièveté des émissions et leur forte directivité spatiale rendent improbables des lésions aux systèmes 
auditifs des mammifères marins, d‘après les connaissances actuelles. Il reste la possibilité que les 
sondeurs puissent affecter le comportement des mammifères marins, sur des distances kilométri-
ques ; la possibilité et les conséquences biologiques des tels effets comportementaux sont encore peu 
connus. 
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Actualmente, se dedica cada vez más atención al impacto de las fuentes sonoras antropogénicas en la 
vida marina, particularmente en los mamíferos marinos. Se han observado durante los últimos años 
varias varadas poco comunes causadas por cetáceos, vinculadas al uso de sonares de alta potencia. 
La hidrografía y la cartografía del fondo marino utilizan de forma considerable las fuentes acústicas; 
el objetivo de este artículo es presentar el orden de la magnitud del sonido radiado por similares        
sondas acústicas y por tanto estimar su impacto potencial en los mamíferos marinos. Este artículo 
empieza con una  presentación de los principales temas relativos a los riesgos causados por el sonido 
a la vida marina y con un recordatorio de las características de las sondas acústicas y la geometría. 
Luego se comparan los resultados numéricos de varios casos prácticos con los valores de umbral 
corrientemente aceptados para la exposición al sonido de los mamíferos marinos. Esta comparación 
deja claro que, aunque las sondas acústicas pueden transmitir a niveles de presión de alta intensidad, 
la muy breve duración de sus impulsos y su alta selectividad espacial hacen que sea muy poco               
probable que causen daños a los sistemas auditivos de los mamíferos, según los conocimientos que 
se poseen actualmente. Queda la posibilidad de que las sondas acústicas puedan afectar al              
comportamiento de los mamíferos marinos en campos de cobertura del orden de kilómetros; sin        
embargo, actualmente siguen entendiéndose muy poco la probabilidad y los efectos biológicos de 
dichas reacciones del comportamiento. 
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1. Introduction 
 Because marine mammals depend on sound and        
hearing for essential activities including communication, 
navigation, and foraging, anthropogenic sound in the 
ocean may impact them negatively. For example, it may 
mask sounds that are important to the animals or even (at 
high levels) injure their auditory systems. They may alter 
their behaviour in response to certain sounds [1, 2].       
Mid-frequency military sonars, which are used in           
anti-submarine warfare, have been associated with several 
unusual strandings of marine mammals, particularly 
beaked whales (reviewed in [3]). A significant amount of 
attention has thus focused on quantifying and preventing 
the negative impacts of human-generated sound on marine 
mammals, resulting in the development of regulations and 
operational procedures designed to protect the animals        
[4-9]. Most such regulations focus on military sonars 
(transmitting long-duration modulated signals in the range 
of a few kHz) and airgun arrays (which are very powerful 
sources of low-frequency pulsed sound used in geophysi-
cal research and oil exploration). The rules generally        
require visual (and sometimes passive acoustic) monitor-
ing to ensure that animals do not come within a specified 
distance of the sound source. That distance is often        
defined on the basis of an allowable exposure level  
threshold, which is combined with an ocean sound           
propagation model to convert the level to a source-
receiver range. Recommended exposure thresholds for 
damage to the auditory system and behavioural responses 
have recently been proposed, with thresholds varying by 
sound type and marine mammal group [2].  
 Military sonars and airguns are far from the only         
anthropogenic sound sources at sea. Many other active 
acoustic devices are commonly used for various             
underwater activities, such as the echosounders used in 
hydrography, seafloor mapping, navigation and fisheries 
applications. In contrast to naval mid-frequency sonar, no 
unusual stranding events have been linked with                 
echosounder use [3], which may explain the lack of public 
and regulatory attention. Echosounders usually generate 
lower-level sound than the highest-powered military 
sonars, and they often use ultrasonic frequencies that are 
attenuated relatively efficiently in sea water. However, 
they still have potential to affect marine mammals,          
especially considering the fact that many of them operate 
in frequency ranges used by toothed whales for echoloca-
tion and communication. In some cases, behavioural        
responses of marine mammals to these devices have been 
documented, including sound source avoidance and 
changes in sound production patterns (reviewed in detail 
by [1]).  
The purpose of this paper is to estimate the order of 
magnitude of the risks to marine mammals caused by the 
sonar systems currently used in hydrography and in sea-
floor mapping. These systems are mostly                   
echosounders, either single beam or multibeam. The first 
part of the paper presents a brief discussion of the risks 
posed to marine mammals by powerful sound transmis-
sions. The second part of the paper describes the general 
characteristics and transmission geometry of echo-
sounders. The details of the systems will be simplified in 
order to provide representative values for radiated sound 
levels and geometry of several archetypal systems. The 
third part of the paper is devoted to a limited number of 
case studies. These case studies will show that echo-
sounders are not likely to cause injury to marine mammal 
auditory systems except at very limited ranges, although 
they may still affect behaviour at greater ranges. Consid-
ering the very selective directivity of the transmission 
patterns, the areas in which hearing damage may be ex-
pected to occur are minimal, especially compared to 
acoustic systems of wider horizontal radiation, such as 
naval low-frequency active sonar (LFAS) or seismic air-
guns. The last part of the paper will build upon the previ-
ous sections to draw conclusions about the potential risks 
that echosounders may pose to marine mammals. 
 
2. Risks posed to marine mammals by anthropogenic 
sound 
 
2.1. Marine Mammal Bioacoustics 
 
 Marine mammals rely on their hearing and sound  
production abilities for many important activities. They 
produce a wide variety of sounds related to foraging, 
navigation, communication, and sensing the environment 
[3]. Because of their extensive use of sound, most           
marine mammals have sensitive, specialized auditory 
systems. For example, all toothed whales (sperm whales, 
beaked whales, dolphins, and porpoises) studied to date 
produce clicks thought to be used for biosonar-based 
foraging and navigation. Except for sperm whales, 
toothed whale echolocation clicks include mostly           
ultrasonic frequencies; many dolphin species also            
produce lower-frequency tonal whistles for communica-
tion [3, 10]. These species generally have sensitive          
hearing over a wide frequency band including the           
frequencies at which they produce clicks and communi-
cation calls, although only a limited number of species 
have had their hearing tested (see Figure 1); measured 
audiograms reveal sensitive hearing at frequencies up to 
about 20-140 kHz, depending on species. Thus, the        
frequency ranges of toothed whale biosonar and auditory 
systems overlap significantly with the frequency range 
used by hydrographic sonars. Most baleen whales, for 
example blue whales, fin whales, and humpback whales, 
produce longer, lower-frequency tonal or frequency-
modulated sounds for communication with conspecifics 
[3]. These sounds range from pulses at 20 Hz or less to 
more complex calls and songs with components at           
frequencies as high as several kHz. Given the variety of 
sounds they produce, and by analogy to terrestrial          
mammals and toothed whales, baleen whales are also 
thought to have an acute sense of hearing. However, 
measuring their hearing poses obvious practical difficul-
ties.  
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In the absence of actual hearing threshold data for  
baleen whales, a few anatomical studies and computer 
models have been used to predict their hearing capabili-
ties. They do not provide absolute sensitivities, but they 
do agree that the range of best hearing is probably from 
tens of Hz to about 20 kHz (Figure 1) [11-13].              
Uncertainty about the acuity and upper frequency limit of 
baleen whale hearing makes it more difficult to assess the 
potential risks echosounders may pose to these species. 
However, all evidence suggests that they mainly use 
lower frequencies, which may mean they are less           
susceptible to effects of echosounders. Pinnipeds (seals, 
sea lions and walrus) also produce a wide variety of 
sounds underwater, mainly in the sonic frequency range, 
and these sounds are often associated with mating rituals 
[3]. These species also have quite sensitive hearing, and 
are unique in that they are able to hear and localize sound 
relatively well both in the air and underwater. The            
frequency range in which they hear overlaps with that 
used by echosounders (Figure 1). Even manatees use low
-frequency calls, presumably to communicate with one 
another. Among the few individuals tested so far, the 
upper limit of frequency sensitivity was lower for           
manatees than for most toothed whales or pinnipeds [3] 
(Figure 1). Like baleen whales, they may thus be less 
susceptible to potential impacts of echosounders.  
 
Exposure to anthropogenic sounds can negatively          
impact marine mammals in a variety of ways [1, 2, 14].  
 
Effects may include injury to body tissues, the most   
common being auditory system damage that leads to   
temporary or permanent hearing loss. These conditions 
are often called Temporary and Permanent Threshold 
Shift (TTS and PTS). Sound exposure can also have other 
effects, from increased stress levels to behavioural shifts 
including changes in dive cycles, breathing patterns, 
sound production rates, or behavioural states. Marine 
mammals can also respond to sounds by approaching or 
avoiding the sound source, which could have negative 
impacts on their energy budgets or cause them to             
abandon important habitat.  
 
2.2. Regulation and Mitigation Measures  
 
Given the potential effects of active acoustic devices 
on marine mammals and other animals, regulations       
designed to mitigate such impacts have been put in place 
by a number of concerned countries. However, the            
resulting level of protection against risks posed by    
acoustic devices varies widely. In the European Union, 
marine mammals are legally protected, but the relevant 
regulations do not place specific limitations on sonar or 
airgun operation, and practical guidelines and mitigation 
procedures are left to the judgement of individual              
operators (Habitats and Species Directive of 1992,             
Council Directive number 92/43/EEC).  
 
Inside this framework, some countries have more           
specific laws. For example, in the United Kingdom,           
regulations prohibit the deliberate capture, injury, killing 
or disturbance of marine mammals, and also actions that 
cause damage, destruction or deterioration of their           
breeding sites and resting places (Offshore marine           
conservation regulations of 2009). These regulations in-
clude disturbance and injury mediated by anthropogenic 
sound, and the U.K. Joint Nature Conservation Commit-
tee (JNCC) has also enacted specific regulations related 
to industrial  seismic surveys in U.K. waters [4]. The  
regulations do not define allowable or prohibited sound 
exposure levels, but the seismic survey guidelines do 
prohibit commencement of airgun use when marine  
mammals have been sighted within 500 meters of the  
airguns within 30 minutes of the sighting. 
In the United States, legislation related to the effects of 
sound on marine mammals includes the Marine Mammal 
Protection Act, which prohibits harassment of marine 
mammals. The National Marine Fisheries Service 
(NMFS), the responsible regulatory agency, oversees a 
permitting process for all operations that may subject  
marine mammals to level A harassment (permanent 
physiological damage) or level B harassment (disruption 
of behaviour), generally basing its judgments on sound 
exposure levels; there are also specific regulations          
requiring mitigation (including visual observers and 
sometimes passive acoustic monitoring) for seismic          
surveys in the Gulf of Mexico [6]. Several other countries 
or areas (Australia, New Zealand, Brazil, and the           
Sakhalin region, for example) have also put in place  
regulations related to airgun operation [15, 16]. Most 
regulations  require trained marine mammal observers to 
carry out visual surveys before and during airgun opera-
tions, stopping sound production if an animal is sighted 
within a certain range (500-3000 m) of the sound source. 
Figure 1. Measured audiograms of toothed whales, pinnipeds, 
and manatees. The curve for each group is a composite audio-
gram for all species tested, showing the lowest observed         
detection threshold at each frequency. The plots include data 
from all species reviewed in [3], including 15 toothed whale 
species, 9 pinniped species, and 2 manatee species. No audio-
grams are available for baleen whales, but the frequency range 
in which they are expected to hear best is indicated [11-13]. 
The frequency domain of echosounders is also plotted for           
comparison. 
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2.3. Definition of Risk Thresholds 
 
 A common approach to the regulation of underwater 
sound involves definition of a safe sound exposure   
threshold which must not be exceeded during operation 
of an underwater sound source. Other approaches might  
involve spatial or temporal limitations on the operation 
of certain sound sources, according to the status of         
marine mammal populations in the area. When an         
exposure threshold is used, it is sometimes defined in 
terms of a range from the sound source, but source level 
can vary widely between sonars, even within one class of 
devices. Source level usually also depends on the            
angular direction of sound radiation. In addition,       
underwater sound  propagation can result in complex, 
environment-specific patterns of received level as a 
function of range from the source. Therefore, definition 
of a sound exposure level (which is then translated to a 
range on a case-by-case basis) may provide more        
consistent results. Historically, marine mammal sound 
exposure threshold levels of 180 dB re 1 µPa for injury 
and 160 dB re 1 µPa for behavioural response were             
commonly cited, particularly in the United States [2], but 
these levels did not effectively incorporate available  
scientific data. Such science-based recommended         
exposure thresholds for any anthropogenic sound that 
may negatively affect marine mammals have recently 
been proposed, with proposed thresholds varying by 
sound type (pulsed or non-pulsed sounds) and marine 
mammal group [2]. The recommendations for exposures 
that risk permanent physiological damage can be          
summarised as follows: 
  Peak exposure levels not to exceed 230 dB re 1 µPa 
for cetaceans, 218 dB re 1 µPa for pinnipeds underwa-
ter, and 149 dB re 20 µPa for pinnipeds in air;  
  Frequency-weighted sound exposure levels not to  
exceed 198 dB re 1 µPa2 * s for cetaceans exposed to 
pulsed sounds, 215 dB re 1 µPa2 * s for cetaceans                
exposed to non-pulsed sounds, 186 dB re 1 µPa2 * s for            
pinnipeds in water exposed to pulsed
3
 sounds, 203 dB re 
1 µPa2 * s for pinnipeds in water exposed to non-pulsed 
sounds, 144 dB re (20 µPa)2 * s for pinnipeds in air           
exposed to pulsed sounds, and 144.5 dB re (20 µPa)2 * s 
for pinnipeds in air exposed to non-pulsed sounds. 
Currently available data are insufficient to quantita-
tively define threshold levels above which marine             
mammals alter their behaviour in response to a sound 
stimulus [2]. Although numerous studies have             
documented such reactions, species, sound type, and             
exposure level cannot fully explain the observed                    
variability of responses.  Reactions probably also depend 
on additional factors like age, sex, initial behavioural 
state, environmental conditions, and source proximity.  
In the absence of validated threshold values, one   
conservative approach would be to use the response 
thresholds of the most sensitive species studied to date in 
assessing the potential risks posed by a particular sound 
source. Among marine mammals studied so far, beaked 
whales and harbour porpoises seem to show behavioural 
responses to sound at the lowest received levels. A small 
number of beaked whales have responded to ship noise 
and simulated military mid-frequency sonar sounds at 
received levels of about 135 dB re 1 µPa [17, 18]. Beaked 
whales and harbour porpoises also respond to pingers 
(active acoustic devices attached to fishing nets to help 
prevent bycatch of marine mammals) with source levels 
between about 130-140 dB re 1 µPa [19-23]. These     
devices seem to be generally effective over short ranges, 
up to perhaps a few hundred meters, although they may be 
audible to the animals at ranges up to several kilometres. 
  
It seems likely that responses to pingers may thus 
depend on source proximity as well as received level. 
Taking the above data into consideration, 130 dB re 1 
µPa rms might be a reasonable rough estimate for the           
behavioural response threshold of sensitive marine            
mammal species. Of course, this value is a gross approxi-
mation. Some dependence on signal frequency and          
content is expected; some animals may respond at even 
lower levels, and less sensitive species may not respond 
even at significantly higher levels. Even so, in the          
absence of more accurate estimates, this value can be 
used to obtain a rough estimate of the area over which a 
given sound source might affect the behaviour of sound-
sensitive marine mammal species.  
 
3. Basic Echosounder Characteristics 
Echosounders have been the most widespread acoustic 
systems used for hydrography and seafloor mapping [24] 
since their invention in the 1920s. Long limited to the 
basic geometry of one single vertical beam, today they 
are very commonly multibeam systems, able to cover a 
very large swath width at once.  
In terms of acoustic radiation, echosounders are        
characterised by: 
  Frequencies in the range of 12 kHz to several        
hundreds of kHz; 
  Transmitted pulses of short duration, typically on 
the order of milliseconds; however, the most          
sophisticated recent systems may transmit long modu-
lated pulses; 
  Source levels typically ranging from 210 to 240 dB 
re 1 µPa @1 m; 
  Pulse rate frequencies controlled by the water 
depth, with highly variable values, typically between 
0.1 and 10 Hz; 




 In this context, pulsed sounds are defined as sounds for which the sound pressure level measured in a 35 ms time window is at least 3 dB greater 
than that measured in a 125 ms time window. 
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 Single beam echosounders (SBES) operate at              
various frequencies. Typical values are 12, 24, 30, 38, 50, 
100, 120, or 200 kHz. Some systems dedicated to very 
shallow waters may work as high as 700 kHz, while             
navigation echosounders normally operate at 50 or 200 
kHz. The most common geometry is one conical vertical 
beam (Figure 2), with a fixed aperture
4
 of a few degrees 
(most commonly between 5° and 15°), which is usually 
not steerable. The sidelobes, generating unwanted              
radiation of acoustic energy outside the main lobe, are 
typically 20 dB to 30 dB below the main lobe level. The 
maximal transmit powers may be as high as 210 to 230 dB 
re 1 µPa @1 m, depending on frequency (the highest            
levels are used in low-frequency deep-water applications).  
 
The pulse duration depends on the frequency and 
water depth. It is typically about 0.1% to 1% of the              
two-way travel time from the sounder to the seafloor, 
hence pulse duration may reach several milliseconds for 
the lowest frequencies used in deep water. The pulse    
repetition frequency (PRF) is imposed by the two-way 
travel time: no signal is transmitted before the previous 
echo (and possibly 2 or 3 multiple echoes) has been              
received. Consequently, the duty cycle
5
 values also lie in 
a typical range of 0.1% to 1%.  
 
 Multibeam echosounders (MBES) are far more              
complicated systems, providing the capability to collect 
bathymetry data and image the seafloor very efficiently 
over wide areas. They normally transmit a short pulse 
inside a narrow fan in a vertical plane perpendicular to the 
ship‘s axis (see Figure 2). In the most recent models,         
several adjacent sectors can be transmitted simultane-
ously, hence widening the along-track angular aperture 
and requiring transmission at several different neighbour-
ing frequencies. Various frequency ranges are used,           
depending on the   water depth: 12, 24 or 32 kHz for deep
-water; 70 to 150 kHz for continental shelf applications; 
and 200 to 400 kHz for very shallow applications. The 
transmit sector width is typically as narrow as 1° along-
track (values between 0.5° and 2° are encountered), and 
reaches 120° to 150° across-track; some systems even 
radiate over the whole 180° aperture. Special care is taken 
to minimize sidelobe levels in transmission, and the            
practical results are usually in the range of –25 to –35 dB. 
As for SBES, the achievable maximum level depends on 
frequency: it is around 210 to 220 dB re 1 µPa @ 1 m for 
high-frequency systems, but may exceed 240 dB re 1 µPa 
@ 1 m for the most powerful 12-kHz systems. The pulse 
durations are normally about 0.1% to 1% of the echo           
reception delay, hence typically between 0.1 ms and 10 
ms, with longer pulses corresponding to lower frequencies 
and deep waters. However, the transmit duration is often 
increased because of the need to transmit several adjacent 
pulses at slightly different frequencies in the various           
sectors. The recently-introduced use of FM signals for 
MBES, which generally last tens of milliseconds, also 
increases the duration of acoustic energy radiation. The 
pulse repetition frequency of MBES is normally adapted 
to the reception of the extreme lateral beams, whose 
propagation delay is typically 4 times the two-way travel 
time of a vertical beam. Under this constraint, the PRF in 
very deep water may be as low as 2 pings per minute, 
while the maximum PRF of very-high frequency systems 
may reach 10 to 20 pings per second, if not more. Similar 
to SBES, the duty cycle is on the order of 0.1% to 1%. 
 
 The detailed characteristics of echosounders are             
normally accessible to users through the documentation            
provided by manufacturers along with the hardware. 
Some information may also be obtained from the              
manufacturer web sites. 
4. Case Studies  
4.1. Main Formulas 
The level received by an animal present inside the           
ensonification volume is expressed as: 
 
RL = SL – TL  (1) 
 
where RL is the received level in dB re 1 µPa; and SL is 
the source level (which depends on transmission angle,             
according to the directivity pattern), expressed in           
dB re 1 µPa @ 1 m. TL is the transmission loss in dB, 
approximated for a homogeneous propagation medium 
[24] as:  
 
TL = 20log(R/1 m) +  R    (2) 
 
where R is the oblique sonar-receiver range, and  the 
absorption coefficient in the water in dB/m. Table 1 
gives typical values for  as a function of frequency. The 
strong frequency-dependence of the absorption coeffi-
cient helps explain why received sound levels at a given 
range vary widely with source frequency. 
_________________________________________________________________________________________________________ 
4
All the beamwidth values given here are always correspond to a fall-off of –3 dB of the directivity pattern measured at transmission.  
5 
The duty cycle is the fraction of time that a sounder is actually transmitting.  
Figure 2. Sketch of water column ensonification by a SBES (a 
vertical conical lobe) and a MBES (presented here with two 
adjacent fan-shaped sectors). 
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For instance, considering a 12-kHz MBES transmit-
ting at a maximum SL of 242 dB re 1 µPa @ 1 m, the 
received level at a range of 1 km is RL = 242-20log
(1000)-1.2 = 180.8 dB re 1 µPa. 
 
The sound exposure level is defined as the time               
integration of the squared acoustic pressure (hence            
proportional to the received energy): 
 
          (3) 
 
Considering one ping of duration T, and assuming the 
received pressure amplitude to be constant over                 
reception time (a good first approximation since many                       
echosounders transmit pings with approximately square  
envelopes), the received energy is given by                     . 
 
In logarithmic units, considering a reference level of 
E0 = 1 µPa² * s, the sound exposure level may be written 
as: 
SEL = 10log(E/E0)  (4) 
 
in dB re 1 µPa² * s. Finally, assuming a constant-level        
received pressure, SEL is conveniently computed as: 
 
SEL = RL + 10log(TT) = SL – TL + 10log(TT)       (5) 
 
where TT is the total exposure time (in s) to consider. This 
duration is a function of the transmitted pulse duration T, 
the pulse rate frequency fP, and the total time of presence 
TP of the receiver inside the ensonification volume:  
 
TT = TP  fP  T         (6) 
 
For instance, considering the case of an animal present 
for 10 minutes in the transmit beam of a low-frequency 
MBES sending a 50-ms pulse once every 20 s, the total 
exposure time is TT = 600 / 20 * 0.05 = 1.5 s. At a range 
of 1 km, the sound exposure level is then SEL = 242-
20log(1000)-1.2+10log(1.5) = 182.8 dB re 1 µPa² * s.  
 
We have not included animal-group-specific             
frequency weighting in these calculations, for the purpose 
of simplicity of presentation. This simplification is                
conservative in that frequency weighting effectively filters 
out sounds outside the marine mammal‘s range of best 
hearing, while retaining the original level of sounds inside 
the best hearing range. In effect, the weighting will           
sometimes decrease the effective SEL of a particular 





4.2. Frequency Dependence 
In addition to sound exposure level, it is important to 
consider the correspondence between the frequency band 
perceptible by marine mammals (ideally expressed as an 
audiogram, i.e. hearing threshold vs frequency) and the 
signals transmitted by echosounders. As presented above 
in §2.1, audiograms are available for various marine 
mammal groups (Figure 1). Regarding baleen whales, 
despite the lack of audiometry data, they are expected 
(based on anatomical studies and analysis of the sounds 
they produce) to hear best at low frequencies, probably 
below about 20 kHz [3]. Comparing the frequency ranges 
of marine mammal hearing with those used by            
echosounder reveals that: 
 High-frequency echosounders (200 kHz and beyond)      
are presumably not generally audible to marine                            
mammals; 
 Mysticetes are unlikely to detect any frequency used                         
       by echosounders, except the lowest one (12 kHz); and 
 The maximum effect is expected for odontocetes, 
since their frequencies of best hearing (10-100 kHz) 
overlap with low-and medium-frequency echosounder 
signals. 
 
4.3. Direct Ensonification 
 
The first case considered here is when sound can 
propagate directly from the sonar to an animal inside the 
echosounder transmission lobe. In this case, the received 
level is estimated from Equation (1). The risk area is 
hence defined by the range within which RL exceeds a 
certain threshold (here called RLT). The condition leads to 
the limit value of transmission loss TL given by: 
                             
                                                            (7) 
 
The transmission loss value is then converted into a range 
value by solving Eq. (2) for R. For instance, considering 
SL = 242 dB re 1 µPa @ 1 m, the RL value first falls    
below the threshold of 230 dB re 1 µPa (see §2.3 above) 
at a range corresponding to a transmission loss TL = 12 
dB, i.e. a range of about 4 m.  
 
The same approach holds for the Sound Exposure 
Level, which is to be compared to the threshold value 
(here called SELT) to consider. The condition leads to the 
limit value of transmission loss: 
               
  
 
F (kHz) 12 24 32 38 50 70 100 120 150 200 300 400 
 (dB/km) 1.2 4.3 7.1 9.6 14.9 24 36 42 50 61 80 101 
Table 1. Absorption coefficient values (in dB/km) as a function of frequency (in kHz), computed at depth 10 m,                   
temperature 13°C, and salinity 35 p.s.u (see [25]).  
2( )E p t dt 
2 *rmsE p T
TL SL RLT 
(8) 10log TTL SL T SELT  
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For instance, again assuming SL = 242 dB re 1 µPa @ 1 m 
and TT = 1.5 s (see §4.1), RL falls below the 198 dB re 1 
µPa² * s threshold at a range corresponding to a transmis-
sion loss TL = 46 dB, i.e. a range of about 200 m. 
 
4.3.1. RL in direct ensonification 
 
Received levels from any echosounder fall below 
the RL threshold value for cetaceans defined by Southall 
et al. (230 dB re 1 µPa) [2] at very short ranges. Many 
systems transmit at source levels below this value, and a 
SL of 250 dB re 1 µPa @ 1 m would be required to exceed 
this RL at a range of even 10 m.  
 
Of course, echosounder received levels will exceed 
the RL threshold value (130 dB re 1 µPa) associated with 
the behavioural response threshold at much larger ranges. 
For echosounders transmitting at 210 to 240 dB re 1 µPa 
@ 1 m, the 130-dB threshold level corresponds to signifi-
cant propagation losses, ranging from 80 dB to 110 dB. 
We present in Figure 3 the limit range for various values 
of SL and frequency. The results show that for values of 
SL within the usual range (220 to 230 dB re 1 µPa @ 1 
m), received levels exceed the RL threshold at ranges up 
to several kilometres (up to 20 km at 12 kHz for a SL of 
240 dB re 1 µPa @ 1 m).  
 
4.3.2. SEL in direct ensonification 
 
In calculating SEL for an animal in the sonar beam, 
we consider a cumulative exposure duration of 1 second. 
This is a good conservative order of magnitude estimate, 
since it would correspond to tens of pings of a typical low
-frequency system operating in deep water, and several 
thousands for a high-frequency echosounder in a shallow 
area. Both scenarios would correspond to an animal             
staying in the ensonified sector for tens of minutes.  
The limit range corresponding to the SEL threshold 
of 198 dB re 1 µPa² * s is computed for various values of 
SL and frequencies. The results are plotted in Figure 4; 
they show that for SL within the usual range (220 to 230 
dB re 1 µPa @ 1 m), the SEL threshold is reached at 
ranges between 10 and 40 m. Limit ranges of 100 to 200 
m are possible for low-frequency transmissions at             
240-250 dB re 1 µPa @ 1 m. 
4.4. Effect of Transmission Directivity 
 
Source directivity can strongly affect the risks posed 
to animals by underwater sound radiation. Low-
frequency, wide-aperture, powerful sources, such as             
airguns used for seismic exploration or naval sonars used 
in military applications, radiate with little or no selectivity 
in the horizontal plane. Thus, exposure levels vary with 
depth and range from the source but do not depend further 
on source-receiver geometry. On the other hand, a direc-
tional source (such as a seafloor-mapping sonar) is           
expected to have a much more limited impact on the               
environment if its ensonification volume is sufficiently 
narrow in the horizontal plane.  
 
While the angular selectivity provided by the            
echosounder directivity may be considered as a mitigating  
factor on average, it is still necessary to consider the case 
where an animal is actually present inside the ensonified 
volume. In this case, the issue is to estimate the duration 
of the sound exposure.  
Figure 3. Limit range corresponding to a  received level of 
130 dB re 1 µPa (putative behavioural response threshold), 
as a function of SL and frequency 
Figure 4. Limit range corresponding to a sound exposure 
level of 198 dB re 1 µPa² * s (given in [2]), as a function of 
SL and frequency; the SEL is computed for a cumulated               
exposure duration of 1 s.  
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We consider here the case in which an animal is at a 
fixed location (or travelling at negligible speed)               
relative to the survey ship carrying the sonar. If R is the 
oblique sonar-animal range (see Figure 5), the ensonified 
along-track segment has a length R, where  is the longi-
tudinal transmitting lobe aperture. The animal is present 
inside the ensonified area for the time it takes the ship to 
run the distance R at speed V, or R/V. Finally, the              
number of transmitted signals contributing to the exposure 
is equal to R/V * fR, where fR is the pulse repetition                
frequency.  
The number of received signals increases as range R 
increases; however, the level of each received signal            
decreases with range because of propagation loss, so SEL 
still generally decreases with range.  
Figure 6 displays the SEL variation with range R for 
the same 12-kHz MBES as considered previously.             
Assuming the capability to simultaneously transmit four 
adjacent sectors of 1° each, an along-track aperture of            
=4° is considered.  
To incorporate source transmission geometry and 
directivity into an estimate of the average impact of a 
given sonar, a good first approach is to consider the sector 
ensonified by the sonar as a ratio of the total available 
space (half a sphere, or 2 radians, for a source close to 
the surface). This Radiation Directivity Factor (here called 
Rdf) represents the probability that a receiver is located 
inside the transmission sector: 
Rdf = /2  (9) 
Hence Rdf features the equivalent solid aperture an-
gle  of the transmitting sector, and is closely related to 
the classical directivity index DI = 10log(/4) of a 
sound source [24]. For instance, considering a single 
beam echosounder of conical beam aperture 5°, the Rdf 
value is about Rdf    * tan²(2.5°)/2  10-3. For a             
multibeam  echosounder transmitting in a fan-shaped               
sector 2°x120°, one can estimate Rdf  2 * 120 * 
(/180²/2  0.012. Of course, for an omnidirectional 
source (in a 2 half-space), the Rdf value approaches 
unity. 
The Rdf value expresses the probability that a given 
receiver, one among a set of receivers equally distributed 
in space, is located within the transmitted sonar beam. It 
gives an estimate of the average exposure level over a 
given area when the relative positions of the sonar and 
receiver cannot be accurately specified. In cases where 
exact source-receiver geometry is known, Rdf should of 
course be replaced by estimates accounting for this                
geometry. 
 
 5. Discussion and Conclusions 
 
The analysis presented above indicates that, in terms 
of the risk of auditory system damage, hydrographic and 
bottom-mapping sonars pose minimal threats to marine 
mammals, according to the state-of-the-art understanding 
of this risk. Compared to military sonars and seismic air-
gun arrays, they feature: 
 lower source levels (although low-frequency       
multibeam systems can transmit sound levels 
around 240 dB re 1 µPa @ 1 m), minimizing the 
risk of auditory damage related to peak amplitude 
of sound;  
 transmission of very short pulses at limited ping 
rates, decreasing the practical sound exposure 
level (corresponding to the received sound             
intensity integrated over time); 
 selective angular directivity, decreasing the           
probability of ensonification (by comparison with      
omnidirectional sources) and minimizing the        
duration of the ensonification when it happens.  
 
Since seafloor-mapping sonars pose a reduced risk 
of auditory system injury in comparison to military              
systems or seismic sources, their use may not require the 
same extensive mitigation measures. 
 
The potential effects of such devices on marine 
mammal behaviour, on the other hand, are less clear. First, 
the threshold levels above which animals may show             
behavioural responses are poorly understood at present. 
Available data suggest that the drivers of responses are 
Figure 5. Geometry of ensonification by an MBES on both 
sides of the ship that carries it, represented for simplicity in a 
horizontal plane. 
Figure 6. Maximum SEL value for a stationary animal          
ensonified by a LF MBES surveying at 8 knots, presented as a 
function of water depth. 
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solely on the sound type and the exposure level. More-
over, the biological significance of observed responses is 
not always clear. In this paper, for purposes of illustration, 
we have adopted a conservative (low) estimate of a behav-
ioural response threshold level. If this estimate is accurate, 
even for a subset of sensitive species, then many sonars 
may indeed have potential to influence marine mammal 
behaviour over relatively wide areas. Quantifying the 
practical significance of this type of impact would             
enhance understanding of the general issue of underwater 
ambient noise increase, of which echosounder transmis-
sion is one component among others. These results could 
have useful management implications, as regulations 
evolve to better control anthropogenic underwater noise. 
  
Given the somewhat hypothetical nature of several 
elements of the analysis presented here, this paper cannot 
provide answers to all the questions raised by the use of 
seafloor-mapping sonars and their risk to marine life. 
These matters need to be considered in the political, social 
and scientific arenas. We present the above results in  
order to summarize knowledge related to this particular 
issue for the concerned community. Moreover, we broach 
this topic in the hope of motivating further discussions, 
and promoting a rational, comprehensive and science-
based approach to address the effects of active acoustic 
devices on marine mammals.  
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